Objective: To investigate the prevalence of viral myocarditis worldwide.
period of virus infection outbreaks; (3) Percentage of VMC out of all infection diseases in a definite province and a particular population [2] . Viral infections include adenovirus, enteroviruses, particularly coxsackievirus B, as well as parvovirus (B19) and human herpesvirus 6 (HHV-6) are related to VMC [4, 11] . Previously published studies revealed that viral nucleic acids in the myocardium in patients with myocarditis were high [14, 15] , while information from distinct studies regarding the interaction between different viral family and myocarditis is not entirely consistent. For this purpose, we focused on the relationship of viral infection and myocarditis and we conducted a systematic review and meta-analysis with no language restriction.
Materials and methods

Literature search
We conducted a systematic search for the prevalence of the most common viruses in myocarditis including adenovirus, hepatitis C virus (HCV), herpesviruses including cytomegalovirus (CMV), Ebola virus (EBV), and human herpes virus (HHV) 6, influenza virus, B19 and non-polio enteroviruses based on scientific keywords "Myocarditis" or "Heart disease" and "Viral infection" or "Viral myocarditis" and their synonyms by using three main electronic databases of Medline (via PubMed), Embase, and Web of Science from October 1973 to September 2017. The search was limited to the original articles published in English that indicated the prevalence or incidence of mentioned viruses in different parts of the world.
We also searched the bibliographies for any retrieved articles for additional references.
Inclusion and exclusion criteria
All of the original papers presenting cross-sectional studies on the prevalence of the most common viruses were evaluated perspicuously. The selected studies were analyzed based on titles, abstracts, and full texts. The entire recorded studies included in our analysis based on the following criteria: (1) Original articles that provided sufficient data; (2) With standard methods, including serology methods, immunohistochemistry assay, and molecular methods to detect adenovirus, HCV, CMV, EBC, HHV6, Influenza virus, B19, and non-polio enteroviruses. The exclusion criteria were:
(1) Articles studying non-human samples; (2) Case reports; (3) reviews (4) Abstracts reported in conferences; (5) Duplicate articles for the same investigation.
Data extraction and definitions
The author's first name, the date for the investigation, year of publication, country/continent, number of the most common viruses in myocarditis, detection method and the source of isolates were extracted from included studies. Deliberately, the information on the prevalence of adenovirus, HCV, CMV, EBC, HHV6, influenza virus, B19, and non-polio enteroviruses was extracted; concurrently, two people recorded the data from all articles independently without any bias.
Quality assessment
All reviewed studies were assessed based on the quality assessment checklist (designed by the Joanna Briggs Institute), and only highquality investigations were evaluated in the final analysis in this study based on mentioned including criteria.
Meta-analysis
The analysis was performed using STATA (version 14.0) software. The data were pooled using the fixed-effects model [16] and the random-effects model [17] . Statistical heterogeneity was assessed using Cochran Q and I 2 statistical methods [18] .
Results
Characteristics of included studies
In total, we identified a total of 2 152 articles in the mentioned databases search. Based on the title and abstract evaluation, after the secondary screening, 1 992 articles were excluded. Upon a fulltext review, 84 out of 160 studies were excluded. Ultimately 75 studies were included for statistical analysis of the prevalence of adenovirus, HCV, CMV, EBC, HHV6, influenza virus, B19, and non-polio enteroviruses respectively, based on the inclusion and exclusion criteria ( Supplementary Figure 1) . These 75 articles that indicated the prevalence of the most common viruses is shown in Table 1 . The majority of studies were from Germany (n=22), USA (n=14), Italy (n=10), Japan (n= 6), and England (n=5), respectively . It has been found that more than 30 kinds of viruses can cause myocarditis.
The prevalence of adenovirus, HCV, CMV, EBC, HHV6, influenza virus, B19, and non-polio enteroviruses
Since the incidence of myocarditis is high in the 21st century, understanding the epidemiological characteristics of the viral causes of the disease is important [84] . The prevalence of adenovirus, HCV, CMV, EBV, HHV6, influenza virus, B19, and non-polio enteroviruses are calculated using 75 studies based on the inclusion and exclusion criteria. This meta-analysis shows that the highest prevalence is related to B19 and non-polio enteroviruses prevalence were 25.0% (95% CI: 20.0-29.0) and 18% (95% CI: 4.7-11.1) respectively. The result of this meta-analysis shows that B19 is the most common cause of VMC and non-polio enteroviruses are the second.
In conclusion, whereas effective commercial medications are available for some viruses that cause myocarditis such as ganciclovir for CMV and oseltamivir for influenza, a rapid and correct diagnosis could lead to the prevention of further disorders and the treatment of this infections.
There were some limitations in this study that should be discussed. First, as with any systematic review and meta-analysis, the existence of publication bias must be taken into account.
Second, heterogeneity was observed among the evaluated articles.
Although the random-effects model allows for heterogeneity, there may still be differences of opinion regarding the composition of the studies.
